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INTRODUCTION

To measure the effectiveness of the gross decontamination experiment
(principally a water spray technique) performed in the Three Mile Island
Unit 2 (TMI-2) Reactor Building, the Technical Information and Lxamination
Program's radiation and environment personnel made surface activity measure-
ments before and after the axperiment. Eighty-five surface samples were
collected during Entries 25 and 26 (December 15 and 16, 1981) and an addi-
tional 95 surface samples were obtained during entries 54 and 55 (March 25
and 26, 1982). Radiological survey, thermoluminescent dosimetry, and gamma
spectroscopy measurements were performed in conjunction with surface sam-
pling to determine the correlation between surface contamination and
radiation
fields.

The surface samples were analyzed at the Idaho National Engineering
Laboratory (INEL) using gamma spectroscopy, gross beta, and neutron activa-
tion analysis (NAA) technques. These methods determined the surface concen-
137(:S 134 125 60

Cs, Sh, and ~ Co, the
beta-emitting nuclide, 9OSr, and the x-ray emitter, 129
235

trations of the gamma-emitting nuclides,
I. The concen-
tration of total fissile material (i.e. U) was also determined for

selected samples using a delayed fission neutron counting technique.

This report presents the results of tiese analyses as pre- and post-
decontamination surface concentrations. Also presented are the beta and
gamma exposure rates data that were collected concurrently with surface
sampling using a gross beta/gamma survey instrument. In addition, decon-
tamination factors (DFs) on a nuclide by nuclide basis are given for each
location sampled.



SAMPLING EQUIPMENT

Surface Sampler

D355 52 Sersery DSBS, SS5555 2 mrmoyve Dpe Dby 25 rSar
contamination within the TMI-2 Reactor Building relied primarily on the use
of smears and radiological survey instruments. However, both of these
methods were of 1imited use. OSmears are of unquestioned value when usaed to
determine the presence or absence of l1oose contamination, but are inadequate
to quantify contamination especially if port of it is fixed. The survey
instruments that were used lacked sufficient shielding to provide good col-
lTimation and, in addition, could not distinguish between gamma rays that
originated from the surface of interest and those that passed through the
surface having originated from other sources. This latter failing was par-
ticularly troublesome when survey measurements were made on the 305-ft
elevation because of the contribution to the gamma flux from the highly
contaminated water present in the Reactor Building basement. These short-
comings were serious enough to warrant development of a surface sampling
device.

The surface sampler used to collect samples from horizontal surfaces
at TMI-2 is shown in Figure 1. A similar tool having a smaller base plate
was used to obtain samples from vertical surfaces. The sampler is a milling
tool that has four major components: (a) a 1.27-cm diameter, 575 rpm, con-
stant speed drill, (b) a drill support assembly that allows setting the
sample collection depth, (c) filters for intake air purification and sample
collection, and (d) an air pump that forces air across the surface being
sampled and through the sample collection filter.

The drill support assembly serves several functions. It maintains a
bit axis that is perpendicular to the plane of the base plate; it provides
a positive stop for drill movement in the downward direction (the stop is
the top surface of the cylindrical drill shaft extension receptacle), and
it provides ports for connecting purification and sample filters. The disk-
type flange that is welded at a height slightly below the top of the recep-
tacle is marked in 22-1/2 degree intervals providing 16 numbered referenced
marks.



Zero penetration depth is set while the base plate of the sampler is
pressed firmly against the surface to be samplied. The depth setting disk
is turned counterclockwise enough to have a separation between the setting
disk and its stop while a slight downward pressure (towards the base plate)
is applied on the drill. The setting disk turns freely when not in contact
with the stop. While the milling bit is resting on the surface to be
sampled, the reference zero is set by turning the depth setting disk clock-
wise until it just begins to bind against the stop. The re‘erence zero is
now read as the number that occupies the sector below the shaft of the disk
locking 'T' handle.

Sampling depth may be set (after first zeroing the sampler) by turning
the penetration depth setting disk counterclockwise the desired number of
revolutions. Conterclockwise rotation of the disk from a zero setting will
allow the bit to travel beyond the plane of the sampler's base plate when
the drill is operated. Each counter revolution of the disk from a reference
zero adds 0.635 mm to the penetration depth that will be achieved.

Figure 2 shows the oval sample vacuum chamber that is located on the
bottom surface of the sampler's base plate. The chamber, which has an area
of 39.03 cn? and is 1.575-mm tall, is surrounded by a foam rubber gasket
that when compressed seals the chamber. Air is drawn into the chamber
through the circular port on the left and exits through the port located at
the extreme right end of the chamber. The bit receptacle is centered at
the larger end of the chamber near tne sloping exhaust port. A bit is
fastened to the drill shaft by inserting the threaded end of the bit into
the bit receptacle and turning the bit clockwise until snug.

A detailed sketch of the sample filter cartridge is shcwn in Figure 3.
The cartridge body is composed of plastic pipe fittings. The sample collec-
tion filter, a Whatman 16 um paper filter, is held in place in the coupler

by two snap rings, a screen, and an ‘o'-ring.

The cartridge is installed by removing the nylon tube cap and inserting
the plastic intake tube into the exhaust port shown on the right of the
cylinder that is the receptacle for the drill shaft extension (see Figure 1).




The stop for the tube is very near the point where the exhaust port enters
the oval vacuum cnamber so that cross-contamination between samples is mini-
mized. The nylon tube plug is then removed and the coupler on the right in
Figure 3 is inserted into the tygon tubing that is the header of the air

pump.
Caiibration

The vertical and horizontal surface samplers that were used during
December 1981 and March 1982 to collect samples at TMI-2 were received at
the INEL during May 1982. After decontamination, they were both re-fitted
with new drills, 'o'-rings, gaskets, non-skid pads, air purification fil-
ters, tygon tubing, and air pumps. The samplers were subsequently used to
collect samples from standardized concrete and metal surfaces.

Four standardized surfaces were prepared, two of concrete and two of
metal. The concrete slabs, which were each 35.6-cm square and 8.9-cm thick,
were poured during March 1982. Fach was faced so that no aggregate was
visible and the surface was smooth and unpitted. After about three months
of curing, each was brush painted with Keeler and Long No. 7107 Epoxy White
Primer. They were allowed to dry for twe days and then three adhesive
strips, eacn 1.91-cm wide by about 6-cm long, were taped to each surface at
locations on the diagonal. The slabs were then brush painted with a Keeler
and Long E-1-7938 Epoxy Ivory Creair Enamel that had 137Cs added to produce
a surface concentration of approximately 0.1 uCi/cmZ. A similar procedure
was used to prepare the two metal surfaces except that the primer and finish
paints used were Carbo Zinc I and Phenoline 368 WG, respectively, both
manufactured by Carboline Co. The paints used are the same as those that

were used to paint the corresponiding types of surfaces within the TMI-2

Reactor Buﬂding.1

The surfaces were allowed to dry several days and then the adhesive
strips were removed, cut to 2.54-cm lengths, and analyzed at the Radiation
Measurements Laboratory (RML) using gamma specirometry with lithium-drifted
germanium [Ge(Li)] detectors to determine the absolute ]3705 surfaca

concentrations.



Following the same sample collection procedure that was used at TMI-2,
15 samples were collaected from one of the concrete blocks and four samples
were collected from each of the other three standardized surfaces. The mean
values of the ]37Cs surface concentrations on the four standardized sur-
faces that were determined by analyzing milled samples and adhesive strips
are given in Table 1 for comparison. Although the horizontal concrete sur-
face was sampled to depths of 0.25, 1.27, and 3.18 mm, only one value for
the surface activity on the horizontal concrete surface is given in Table 1
under "Milled Samples." The surface activity data indicate that the activ-
ity retention efficiency of the horizontal surface sampler is essentially
independent of sampling depth for the three depths used. The variability
in sample mass among samples that were intended to be collected to the same
depth was more pronounced in samples collected from the TMI-2 Reactor Build-
ing than in the samples collected from the standardized surface. Unfortu-
nately, only the masses of the samples collected during March 1982 were
measurad but it is reasonable to assume that the designatad and actual
sampling depths Vcr samples collected during December 1981 were often not
the same. Therefore, for the purpose of calculating the sampler's activity
collection efficiency the results for all 15 milled horizontal concrete

samples were averaged.

The mean surface activities in Table 1 for the vertical concrete and
horizontal steel surfaces were each calculated using the analysis results
for four milled samples. One milled vertical steel sample was rejected when
calculating the mean surface activity on that surface because the penetra-
tion achieved was inadequate and paint remained. The surface activities
given in Table 1 that were determined by analyzing adhesive strips are, in
each case, the mean value measured on three strips. In each case the
uncertainty given is one standard deviation of the mean.

The activity collection efficiencies of the horizontal and vertical
surface samplers were calculated using the mean ]37Cs surface concentra-
tions given in Table 1. activity colilection efficiency for each iype of
surface is defined here as the ratio of the mean value of ]37Cs concentra-
tion that was determined by analyzing milled samples to the mean value that
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was determined by analyzing the corresponding adhesive strips. The effi-
ciencies were found to be greater than one for all four surfaces. This
impTies that the actual surface areas removed by milling were larger than
the cross sectional area of the bit, which was 1.27 cmz. The efficiencies
range from 1.1 for sampling done on vertical steel to 2.6 for sampling done
on vertical concrete. The efficiency for vertical concrete surfaces is
substantially higher than that for vertical steel surfaces probably because
of the greater vibration induced when milling vertical concrete. The sam-
pling efficiencies for horizontal steel and concrete surfaces are about the
same, being 1.6 and 1.4, respectively. In each case, the uncertainty in
the value for the efficiency was calculated at the one-sigma level by prop-
agating the errors associated with the corresponding mean surface concentra-
tions. The uncertainties in the efficiencies range from + 14% for sam-
pling done on horizontal concrete to + 27% for sampling done on vertical
steel. The efficiencies given in Table 1 were used to correct the surface
activity concentrations on TMI-2 Reactor Building surfaces that were
reported in EG&G Idaho internal technical reports.

Gross Beta/Gamma Survey Instrument

At each sampling Tocation, measurements were made of the gross beta
and gamma raaiation fields prior to the collection of surface samples. The
survey instruments used were all Eberline Instrument Corp. RO-2A's. The
RO-2A is equipped with a Juno-type ionization chamber and a 0.0508-mm mylar
window.2 A slide on the bottom of the instrument can be moved to cover
the window so as to allow measurement of the gamma component of a radiation
field. A measurment made with the slide in the open-window provides a meas-
ure of the beta-plus-gamma field. Eberline states the accuracy of this
instrument is + 5% full scale and that its photon response is + 15%
from 12 keV to 1.3 MeV.2

To minimize contamination of the instruments each was bagged in plastic
prior to use in the Reactor Building. Each instrument was similarly bagged
in plastic during its calibration. A bracket having four pointed corner
posts was attached to each survey instrument prior to use to provide a



constant source-detector geometry. The height of the corner posts was such
as to provide a distance of one inch between the bottom surface of the
instrument and the surface being measured.



SAMPLING PROCEDURE

The procedure that was followed during surface sample collection
required that a gross beta-gamma survey be made of the surface to be sampled
prior to sample coliection. At each location, both open- and closed-window
measurements were made while the corner posts of the bracket previously

described were in contact with the surface,

To minimize cross-contamination between samples, a new milling bit was
installed in the surface sampler prior to collecting each sample. A carbide
bit was used for milling concrete and cirder block surfaces, and a hardened
steel bit was used for milling metal surfaces. The sample collection pro-
cedure used for horizontal surfaces included an initial vacuuin of the sur-
face without drill operation to remove loose particulates. Following the
vacuum and prior to surface milling, a new Ssample filter cartridge was
instalied while the sampler remained stationary. The sample collection
procedure used for both horizontal and vertical surfaces is given in detail

in Appendix A.

The types of surfaces sampled and the number of locations sampled at
each elevation are listed in Table 2. These locations are indicated in
Figures 4 and 5 as numbered circles and triangles. Figure 4 is the floor
plan for the entry-level floor at the 305-ft elevation and Figure 5 is the
floor plan for the fuel handling floor at the 347-ft, 6-in. elevation. The
circles correspond to sampling locations on horizontal surfaces and the
triangles indicate locations where samples were collected from vertical
surfaces. Sample locations 26 and HI (see Figure 5) are both on the 'A‘
D-ring walkway at the 367-ft, 4-in, elevation and locations 1 and 22 are on
the southern I beam that supports reactor coolant pump 2A. Not shown in
Figure 5 is sample location H8 on the elevator shaft roof because the loca-

tion was eliminated when samples were collected during March 1982,

The sampling procedure stipulated that samples were to be collected to
a depth of 1.27 mm from all vertical and horizontal metal surfaces, and the

standard sampling depth was to be 3.18 mm for all horizontal concrete sur-
faces. In an attempt to determine whether activity had migrated into
painted concrete, samples were collected from floors at multiple depths at
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each of six sampling locations before decontamination operations began and
at seven locations following completion of decontamination. Sampling was
intended to be done at depths from 0.25 to 3.18 mm in the same vicinity at
each of these floor locations.

In order to estimate the actual sampling depths achieved during surface
sampling, the net masses of the millings of the March 1982 surface samples

were measured. For each milled sample, its net mass was calculated by sub-
tracting the measured mean mass of the 38 vacuum samples collected 1n March,
which was 0.23 + 0.03 g, from the mass of its filter plus collected mill-
ings. The calculated net masses for these post-decontamination samples are
given in Table 3 listed by type of surface. Negative net masses are
reported as zeroes in the table. These masses may be compared with the
theoretical masses corresponding to sampling depths of 0.25, 1.27, and

3.18 mm. If we assume that the sample core radius is a constant 6.35 mm
(the radius of the milling bit) and that for concrete surfaces the sample
density is 2 mg/mm3, then these depths in concrete correspond to sample
masses of 0.06, 0.32, and 0.80 g, respectively. The first assumption is
based on the observation that milling of horizontal concrete usually removed
an area of paint that was larger than the cross sectional area of the sample
hole. The mean measured masses of the millings of concrete samples that
were intended to be collaocted to depths of 0.25, 1.27, and 3.18 mm are,
respectively, 0.26 + 0.15, 0.24 + 0.19, and 0.71 * 0.35 g. It is

apparent that on the average, the 0.25 mm samples were actually collected

to a depth about the same as that of the 1.27 mm samples.

The masses of the horizontal concrete samples reported in Table 3 were
converted to sampling depths after making the same assumptions previously
used. The calculated depths for sampiing the 0.25, 1.27, and 3.18 mm con-
crete samples are given in Table 4. The mean values of the calculated
sampling depths corresponding to these intended sampling depths are
1.00 * 0.60; 0.93 + 0.75, and 2.75 *+ 1.36 mm, respectively. Therefore, on
the average, samples were collected at only two depths at floor locations

where multiple samples were collected.




Keeler and Long, Inc. provided the paints that were applied on unlined
concrete surfaces within the TMI-2 Reactor Building. They report3 the dry
film thicknesses of No. 6548 epoxy block filler, No. 7107 epoxy white
primer, and No. 7475 epoxy white enamel finish paint as 0.142, 0.076, and
0.064 mm, respectively. The sum of these is 0.282 mm, a value substantially
smaller than the calculated depths of sampling for all but three floor
samples collected during March 1982. A1l of the March samples were visually
examined following downloading of the sample filter cartridges into petri
dishes, and these three samples, 34F2, 54F4 (1), and 54F4 (2) were found to
contain a smal®l amount of concrete dust in addition to paint shavings. The
negligible sampling depths calculated for these three samples are probably
due to larger than normal filter diameters.

10




ANALYSIS METHODS

The samples arrived at the INEL as filter cartridges containing con-
crete and paint shavings, metal and paint shavings, paint shavings only, or
in the case of vacuum samples, just a few dozen small particles. To achieve
a sample configuration coinpatible with existing RML gamma analysis geome-
tries, the sample filter cartridges were downloaded and each sample was
transfered to a 150-mL polyethylene bottle. The collected millings and
filters in the sample cartridges were initially transfered to separate, pre-
weighed petri dishes. After first removing the milling bit, each cartridge
was opened with the exhaust side oriented down and then in turn each half
of the cartridge was held over the petri dish and tapped with a small hand
tool. The filter was then removed and placed in the same petri dish. The
snap and 'o'-rings were replaced in the cartridge half that held the filter
and the cartridge was reassembled.

Tne cartridge's internals were then washed with 50 mL IN HC1 spiked
with 3.3 mg Na2503 and 3.3 mg KI. After the solution was poured into
the cartridge, the cartridge was shaken vigorously and the liquid was then
decanted into a 150-mL polythylene bottle. This procedure was repeated
using 50 mL of deionized water. The milling bit was placed in a test tube,
5 mL of the same acidic solution was added, the test tube was shaken vigor-
ously, and the 1iquid was decanted into the same polyethylene bottle. This
was repeated using 5 mL of deionized water.

With each sample, a small amount of wash solution was poured from the
sample bottle into the corresponding petri dish containing the millings and
filter. Using tweezers, the filter was rolled into a cylinder and inserted
into the sample bottle. The liquid in the petri dish was then decanted into
the same bottle. The petri dish was washed again using about 5 mL of the
same solution from the sample bottle. A spatula was used to remove any
remaining particulates and they were transferrd to the sample bottle. Thus,
after the preparations described above, the 110 mL of liquid that had been
used to wash the sample cartridge and milling bit, and the sample filter
and collected millings were combined in a 150-mL polyethylene bottle.
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Analysis techniques that were used on these samples included gamma
spectroscopy, gross beta counting, NAA, and NAA/delayed fission neutron
(DFN) counting. Each of the 180 surface samples was analyzed for gamma

emitting nuclides; however, because of cost and time considerations not all

samples were analyzed for 90Sr, 1591’ or fissile material. Ninety-two

QOSr, 129

samples were analyzed for 44 were analyzed for I, and 37 were

analyzed for fissile material. Certain samples were combined prior to

905, 129 o 235,

analysis for , Or The vacuum and milled samples collected

at sampling location 34 were separately consolidated prior to analyzing for

s, The same applies to samples collected at sampling locations HI0 and

91 that were analyzed for ]291. The vacuum samples collected at sampling
locations H7, 54, and 149 were separately combined prior to analysis for

9OSr and 235U.

Measured activities in uCi/sample were converted to surface concen-
trations in uCi/cm2 by two diffrent methods depending on whether the
sample was collected by vacuuming only or by milling, The results for
2, and by the
sampler activity collection efficiency corresponding to the type of surface
sampled to provide surface activities in uCi/cmZ. The efficiencies used are

milled samples were divided by the bit milling area, 1.27 cm

those Tisted in Table 1. The results for vacuum samples in uCi/sample

were converted to surface activities in uCi}cm2 by assuming (a) the surface
vacuumed in each case had an area of 39.03 cm2, wnhich is the area enclosed
by the sampler's vacuum chamber, (b) the activity collected during vacuuming
without drill operation was evenly distributed over 39.03 cm2, and (c) the
activity collection efficiency of the sampler during vacuuming was 100%.
These assumptions were necessary because the loose particulates activity
collection efficiency of the sampler was not measured during sampler cali-
bration. The total surface activity concentration was determined by summing
for each sample set the milled and vacuum sample results in uCi/cmz. A
detailed description of each analysis method that was used is given in

Appendix B.
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RESULTS

The data tables that follow often present surface concentrations by
sample (e.g. 70F1) or by sample location (e.g. 70). These two identifica-
tion numbers are simply related; samples collected at a given location were
all given sample numbers prefixed with the sample location number.

The surface activity concentration results for both the December 1981
and March 1982 samples are presented in pCi/cm2 (decay-corrected to
March 26, 1982) in Tables 5 through 29. Tables 5 through 16 present the
results for each sample while Tables 17 through 29 give mean surface concen-
trations of the detected radionuclides by sampling location. The uncer-
tainties in the concentrations determined by analysis of milled samples are
given at the one sigma level and are due to counting statistics and the
uncertainties 1n the activity collection efficiencies of the samplers. The
uncertainties in the concentrations determined by analysis of vacuum samples
are given at the one sigma level and are due to counting statistics only.
Unfortunately, the analysis software of the gamma spectrometry system used
for this work did not have as a feature automatic detection limit calcula-
tion. Therefore, less-than detectable concentrations of 125Sb and 60Co

are simply footnoted in the tables.

]37Cs surface concentration

Table 30 presents the December 1981 mean
in uCi/cm2 (decay-corrected to March 26, 1982) at each sampling location
arranged by type of surface and elevation (i.e., 305 ft-0 in., etc.). Simi-
lar results for ]34Cs, 9OSr, ]291, and ]25Sb are given in Tables 31, 32,

33, and 34, respectively. Mean surface concentrations presented in these
tables were calculated for horizontal and vertical concrete and horizontal
and vertical metal at each of three sampling elevations. The uncertainties
in the means are each the standard deviation of the mean calculated at the
one sigma level. The mean December 1981 surface concentrations of these
five radionuclides are compiled in Table 35. The mean values of the ratios
of the December 1981 surface concentrations of several radionuclides to the
concentration of ]37Cs measured in each surface sample are given for both
vacuum and milled samples in Table 36.

13



Table 37 presents the March 1982 mean ]37Cs surface concentration in

uCi/cm2 (decay-corrected to March 26, 1982) at each sampling location
arranged by type of surface and elevation. Similar results for ]34Cs,
QOSr, ]291, and ]ZSSb are given in Tables 38, 39, 40, and 41, respectively.
The mean March 1982 surface concentrations of these five radionuclides on
horizontal and vertical concrete and metal surfaces are listed in Table 42
by sampling location elevation. Table 43 presents the mean values of the
ratios of the March 1??; surface concentrations of five radionuclides to

the concentration of Cs measured in each surface sample. The ratios

for both vacuum and milled samples are given in this table.

Tables 44 and 45 present, respectively, the beta and gamma exposure
rates that were measured during December 1981 and March 1982 using R0O2-A
survey meters. Mean values of these exposure rates are listed in Table 46
arranged by type of surface and Reactor Building elevation. Beta exposure
rates are given in mRad/h and gamma expcsure rates are given in mR/h. These

data were not decay-corrected.

137 90 129

DFs for Cs, “7Sr, and
48, and 49. The DFs for vacuum and milled samples are given separately for
each location sampled. The DF for each nuclide was calculated as the ratio
of the mean surface activity measured at a given sampling location before
decontamination to the mean surface activity measured at the same location

[ are given, respectively, in Tables 47,

after decontamination. A1l activities were decay-corrected to March 26,
1982 prior to calcuiation of DFs. The data in these tables are arranged by
type of surface and by Reactor Building elevation. Decontamination factors
were also calculated using total surface activities, these totals being for
each nuclide the sum of the mean loose particulate activity and the mean
fixed activity measured at a given sampling location. Values of these DFs
for ]37Cs, QOSr, and ]291 are presented by sampling location in Tables 50,
51, and 52 respectively. Mean DFs for several radionuclides are listed by
type of surface and by Reactor Building elevation in Table 53. The results
for both vacuum and milled samples are presented separately in this table.
Table 54 presents the DFs by sampling location that were calculated using
pre- and post-decontamination beta and gamma exposure rates. Mean exposure
rate DFs for four generic surfaces are also given in this table.

14



DISCUSSION

Surface Activities

Prior to decontamination, floors on both Reactor Building elevations
were considerably more contaminated than walls, as might be expected. The
ratios of the average surface concentrations of ]37Cs and 905r on the
concrete floor to their corresponding average concentrations on the D-ring
wall are, respectively 90 to 1 and 190 to 1 on the 305-ft elevation and
80 to 1 and 160 to 1 for the 347-ft elevation. The mean surface concentra-
tions compiled in Table 35 indicate that the average concentrations of all
nuclides except ]255b were about the same on both floors. The concentra-
tion of this nuclide was about a factor of 0 higher on the 305-ft elevation
floor than it was on the 347-ft elevation, and its concentration was less
than detectible on the 'A' D-ring walkway, which is at an elevation of
367 ft. The mean December 1981 concentrations of ]37Cs and 905r on the
305-ft elevation were, respectively, 3.6 + 0.9 and 0.17 + 0.04 uCi/cm2 and
their concentrations on the 347-ft elevation floor were 2.5 + 0.7 and
0.3 £+0.2 uCi/cmZ, respectively.

The sampling location having the highest mean ]37Cs surface activity
before decontamination was floor location H7, which is beneath the northeast
corner of core flood tank 'A'. The mean 137

was 8 uCi/cm2 which is only about a factor of four higher than the low-

Cs activity at this location

est local mean 137¢5 concentration measured on the 305-ft elevation. How-
ever, surface activities were found to vary by factors sometimes this large
or larger over small areas of floor. Samples were coilected in the same
vicinity, usually from points not more than a few inches apart, at locations
50, 34, ar1 H7 on the 305 ft elevation and at locations 54, H10, and 91 on
the 347 ft elevation. Samples were collected at each of these locations to
different depths in an attempt to determine if activity had migrated into

137Cs, prior to decontamination,

the concrete. The surface activity of
varied by factors of 2.2, ~ 1 and 12.9 for locations 50, 34, and H7; and
2.0, 3.8, and 3.2 for locations 54, H10, and 91. Following decontamination,

surface activities varied by factors of 30, 2.1, 3.6, 6.4, 3.7, and 2.3,
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respectively. This nonhomogeneity of surface activity over small areas
nullifies any conclusions regarding activity penetration that might be drawn
from these surface activity data.

90s,. 1ocation 149

0f the locations whose samples were analyzed for
had the highast pre-decontamination surface activity. That value was
905r to ‘37Cs that was

calculated for each sample collected from the 305-ft elevation is
13465, 1255b, 6080, and 129

tyges of Reactor Building surfaces were presented in Table 36. The 90s,-

1.0 £+ Q.1 uCi/cmZ. The mean value of the ratio of

4 + 2 E-2. Similar ratios for 1 for various

$p g ratio or 233 vactvuvm sampies toSiecied From Horizoniad svrfaces

at all elevations is 7 + 6 E-2 while that for all milled samples collected

from the same surfaces is 5 + 4 E-2. The same ratio for all samples col-

lected from vertical surfaces is 4 + 1 E-2. The values of these ratios

358 esse?§;a11y equal to the value of the ratio of the concentrations of
Sr to

the Reactor Building basement on May 14, 1981.

Cs that was measured in the liquid samples collected from
4

The value of this latter
ratio, 3.7 E-2, was computed after decay correcting the concentrations in
uCi/mL to March 26, 1982, the date to which all of the surface concentra-
tions in this report have been decay-corrected. This equality implies that

9OSr from the contaminated water in the base-

the mode of transport of the
ment to Reactor Building surfaces was in water droplets and that the major-
ity of the 905r was transported to the walls and floors after it had

reached chemical equilibrium in the basement water.

Sufficient surface activity data was collected before decontamination
to make possible calculations of the fractions of the total core inventories
of certain fission products that were deposited and which remained on Reac-
tor Building surfaces. What is needed to perform these calculations is an
jtemized 1ist of Reactor Building surface areas. That list is provided in
Table 55. The surface areas of the four generic surfaces5 (i.e. horizon-
tal and vertical concrete and steel surfaces) are given in this table. The
areas of these surfaces at three different elevation intervals were calcu-
lated so that mean surface concentrations on surfaces lying within tnese
intervals could be used directly. Since no surface samples were collected

from the Reactor Building basement during the December sample collection
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period, the surface activities used for that region of the building were
those measured on the 305-ft elevation. Similarly the concentrations used
for surfaces at 347-ft, 6-in., elevation and above were estimated as the
average of the mean December 1981 surface activities measured on the 347-ft,
6-in. and 367-ft, 4-in. elevations. Using the measured December surface

concentrations and the surface areas from Table 55, the total activities of
137CS gOSr 129I and 125

were calculated. Those activities (measured in curies) are presented in
Table 56.

Sb on various Reactor Building surfaces

Total core inventories of these nuclides and their calculated inven-
tories on Reactor Building surfaces are given in Table 57. The total core
inventories listed are those that were calcuiated using the ORIGEN-2 Code6
and have been decay-corrected to March 26, 1982. It is evident that the
percentages of the core inventories of these nuclides deposited on Reactor
Building surfaces are all very small (see Tabie 58). Excluding iodine, the
values range from 2.4 E-3% for 905r to 4.7 E-2% fer ]34Cs. This latter
value is 34% higher than its true value if we assume the ]37Cs core inven-
tory to be correct, since the percentage of ]37Cs deposited on surfaces
is 3.5 E-2%. The highest percentage of the five nuclides listed is that of
1291 and the value for it is 5.7 E-2%. The core inventory of 1311 at
the time of shutdown was 7.0 E+7 C16. If we assume that the same fraction
of 129, was on the floors and walls of the Reactor Building shortly after
reactor scram we can readily estimate the initial surface concentration of

131 ]311 inventory by the deposi-

I on those surfaces. Multiplying the
tion fraction for 291 and dividing this result by 2.20 E+8 cm’, the
total internal Reactor Building surface area, one arrives at a March 28,

1979 average 1311 surface concentration of 180 uCi/cmZ.

Several sets of su~face samples were collected during December 1981
from an area of the 3C--ft elevation just south of the open stairwell.
Samples collected at one of the locations in this area, location 55, which

144

is near the conuainment wall, were found to contain ‘Ce. Because Ce is

usually associated with fuel, these samples were subjected to analyses for
fissile material. The vacuum and milled samples identified as 55F1 and

55F2, respectively, did contain detectible amounts of 235U. The surface
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